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(54) TRANSFER METHOD, EXPOSURE METHOD AND EXPOSURE DEVICE, AND DEVICE 
MANUFACTURING METHOD 



(57) When a wafer (W) is moved from a first position 
(P ch ) to a second position (P exp ) along a path where 
alignment marks (M n ) pass through an alignment detec- 
tion system, wafer table (WTB) is to be moved along a 
path whose standstill time of a Y linear motor, which 
drives the wafer table in the Y-axis direction, and an X 
linear motor, which drives the wafer table in the X-axis 
direction orthogonal to the Y-axis direction, is minimum. 



In this case, the time for both linear motors to drive the 
wafer table simultaneously is increased as much as pos- 
sible, and during such simultaneous drive, the move- 
ment distance of the wafer can be increased compared 
with the case when the wafer table is driven using only 
one of the linear motors. As a result, the time required 
to move wafer from the first position to the second po- 
sition can be reduced. 
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EP 1 596 425 A1 

Description 
TECHNICAL FIELD 

s [0001] The present invention relates to movement methods, exposure methods and exposure apparatus, and device 
manufacturing methods, and more particularly to an exposure method and exposure apparatus that transfer a prede- 
termined pattern onto an object in a lithography process where semiconductor devices or the like are manufactured, 
a movement method that can be suitably applied for moving a movable body on which the object is mounted, and a 
device manufacturing method that uses the exposure method and the exposure apparatus. 

w 

BACKGROUND ART 

[0002] In a lithography process to produce microdevices such as a semiconductor device or a liquid crystal display 
device, exposure apparatus are used that transfer a pattern formed on a mask or a reticle (hereinafter generally referred 
*5 to as a 'reticle') via a projection optical system onto a photosensitive object such as a wafer or a glass plate whose 
surface is coated with a resist or the like (hereinafter generally referred to as a 'wafer 1 ). For example, a reduction 
projection exposure apparatus by a step-and-repeat method (the so-called stepper), and a scanning projection expo- 
sure apparatus by a step-and-scan method (the so-called scanning stepper (also called a scanner)), which is an im- 
provement of the stepper, are mainly used. 
20 [0003] Because semiconductor devices or the like are manufactured overlaying a plurality of layers of patterns on 
the wafer, in exposure apparatus such as the stepper, an operation (alignment) is necessary to make an optimal relative 
positional relation between the pattern formed in advance on the wafer and the pattern formed on the reticle. As the 
alignment method, the EGA (Enhanced Global Alignment) method is mainly used. The details on this method are 
disclosed in, Japanese Patent Application No. 61 -44429 and the corresponding U.S. Pat. No. 4,780,61 7. In the align- 
25 ment by the EGA method, a specific plurality of shot areas (also referred to as sample shot areas or alignment shot 
areas) in the wafer are selected in advance, and the positional information on alignment marks (sample marks) arranged 
in such sample shot areas is sequentially measured, and by using the measurement results and the designed array 
information on the shot areas, statistical calculation by the least-squares method is performed in order to obtain the 
array coordinates of the shot areas on the wafer. Therefore, in the alignment by the EGA method, the array coordinates 
30 of each shot area can be obtained at a high throughput, with a relatively high precision. 

[0004] In the above alignment, because alignment marks arranged on a plurality of sample shot areas have to be 
measured, the wafer has to be moved along a path that allows the plurality of alignment marks to be sequentially 
positioned in the detection area of a mark detection system (alignment system). It is desirable for the movement time 
of the wafer for alignment to be short in order to improve the throughput, and conventionally, the movement path of 
35 the wafer was decided from the viewpoint of minimizing the total moving distance of the wafer. 

[0005] However, the wafer is normally mounted on a wafer stage (biaxial-driven wafer stage) that can be driven in 
two axis directions that are orthogonal. In the case of such a biaxial-driven wafer stage, the movement time required 
for the same distance is mostly different depending on the direction in which the stage is driven. Therefore, the move- 
ment path of the wafer that has a short moving distance in total does not always necessarily match the path with a 
40 short movement time. This is because when the drive units of the two axis directions are driven simultaneously in the 
case of the biaxial-driven wafer stage, the sum of the drive vector decides the drive distance of the stage. Accordingly, 
the distance that is driven in the same period of time differs in the movement paths when only one drive unit in one 
axis direction is used and when both drive units are simultaneously used in the two axis directions. 
[0006] In addition, recently, an exposure apparatus equipped with a stage unit using a biaxial-driven linear motor 
45 method has been proposed (for example, refer to, Japanese Patent Application Laid-open No. 2000-77301 ). The main 
focus of the proposal is to reduce the time required for step movement in between shot areas In steppers or scanning 
steppers, and in such an apparatus the drive axis direction is to be inclined in two axis directions, with respect to the 
stepping directions in between shot areas in the stepper or to the scanning and non-scanning directions in the scanning 
stepper. 

50 [0007] According to the invention disclosed in the above Japanese Patent Application Laid-open No. 2000-77301 , 
by reducing the time required for step movement in between shot areas, there is an advantage of improving the through- 
put. However, in the case of the exposure apparatus disclosed in the publication, for example, when considering the 
case of setting the stepping direction in a direction inclined at 45 degrees to a first axis direction and a second axis 
direction, the positional measurement error becomes 2 % times while the time required for step movement is reduced 

55 to 1/2^. This shows that the possibility of not being able to achieve stage movement with high precision is inherent in 
the case of such an apparatus. 
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DISCLOSURE OF INVENTION 

[0008] The present invention was made underthe circumstances described above, and according to the first aspect, 
it is a movement method in which a moving body is moved using a first drive unit and a second drive unit that generate 

5 a drive force in a first axis direction and a second axis direction perpendicular to the first axis direction, respectively, 
the movement method including a step of: moving the moving body along a specific path among a plurality of paths 
that start from a first position, pass through a plurality of points noncollinear with the first position, and reach a second 
position noncollinear with the plurality of points, the specific path having the minimum time required for movement 
when a component with a longer movement time of the first axis direction and the second axis direction for each path 

10 interval are added up. 

[0009] In this case, 'path interval 1 means each of the intervals in each path from the first position (starting point) to 
the second position (end point): between the first position and the first passing point; between adjacent passing points; 
and between the last passing point and the second position, or to each of the linear intervals in each of the paths 
described above. In the description, the term 'path interval' is used in such a sense. 
is [0010] In addition, the first position and the second position may be different positions (points), as a matter of course. 
However, the first position and the second position can be the same position (point). 

[001 1] According to the method, when moving the moving body from the first position while passing through a plurality 
of points that are noncollinear with the first position to the second position, which is also noncollinear with the plurality 
of points, the moving body is moved along a specific path that has the minimum time required for movement when a 

20 component with a longer movement time of the first axis direction and the second axis direction for each path interval 
are added up among a plurality of paths. In this case, lime required for movement* of 'a component with a longer 
movement time of the first axis direction and the second axis direction for each path interval' means the time required 
for movement of the axis direction component, which serves as the determining condition, in the case when both the 
first and second drive units simultaneously drive the moving body. The specific path that has the minimum sum of such 

25 a movement time is obviously the path that has the shortest movement time. Accordingly, with the movement method 
of the present invention , the time requ ired for movement of the moving body from the first position to the second position 
can be reduced without fail. 

[0012] In this case, the specific path can be a path that has a minimum standstill time for the first and second drive 
units among the plurality of paths. In such a case, the moving body is moved along a path whose standstill time of the 

30 first and second drive units that drive the moving body in the first axis direction and the second axis direction orthogonal 
to the first axis direction, respectively, is minimum. More specifically, the time that the first and second drive units both 
simultaneously drive the moving body is increased as much as possible, and during the time of the synchronous drive, 
the movement distance of the moving body per unit time can be made longer when compared with the case of driving 
the moving body using only one of the drive units. As a result, the time required for movement of the moving body from 

35 the first position to the second position can be reduced without fail. 

[0013] In the movement method of the present invention, the moving body can be moved from the first position to 
the second position, passing through a plurality of points that include at least three noncollinear points. 
[0014] In this case, at least some points including the at least three noncollinear points can be set to a positional 
relation that correspond to a positional relation of a plurality of reference points arranged on the moving body among 

40 the plurality of points, and the specific path can be set so that each of the plurality of reference points.pass through a 
predetermined point during the movement. 

[0015] In this case, the plurality of reference points can be arranged on an object mounted on the moving body. 
[001 6] In the movement method of the present invention, in the case the moving body is moved from the first position 
to the second position passing through a plurality of points that include at least three noncollinear points, the plurality 
45 of points can all be set in a positional relation that correspond to a positional relation of a plurality of reference points 
arranged on the moving body, and the specific path can be set so that the plurality of reference points sequentially 
pass through a predetermined point during the movement. 

[0017] In this case, the plurality of reference points can be arranged on an object mounted on the moving body. 
[0018] In the movement method of the present invention, in the case the specific path is set so that the plurality of 

so reference points each pass through a predetermined point during the movement, the specific path can be decided 
based on a positional relation between the first position and the predetermined point, a positional relation in the plurality 
of reference points, a positional relation between the predetermined point and the second position, and at least one 
of maximum speed and maximum acceleration of the moving body by the first and second drive units. In addition, in 
the case the predetermined point is a position of a mark detection system used to detect marks formed on the moving 

55 body, the plurality of reference points can include a reference point of at least three specific marks formed on an object 
mounted on the moving body. 

[0019] In this case, at least the three specific marks can be alignment marks used to adjust a positional relation of 
the object and the second position. In addition, after the plurality of reference points each pass through the predeter- 
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mined point, a plurality of areas on the object can each be set as the second position according to detection results of 
the specific marks by the mark detection system. 

[0020] According to the second aspect of the present invention, the invention is a first exposure method in which a 
predetermined pattern is transferred onto each of a plurality of divided areas on an object, the exposure method in- 
cluding: a detection step in which a moving body mounted on the object is moved by a movement method of the present 
invention, and at least three specific marks on the object are sequentially detected using the mark detection system; 
and a movement step in which the moving body is moved based on detection results of the mark detection system so 
as to set the plurality of divided areas to the.second position where the pattern is transferred. 
[0021] With this method, the moving body on which the object is mounted is moved by the movement method of the 
present invention, and during the movement, at least three specific marks on the object are sequentially detected using 
the mark detection system. In this case, by setting the waiting position (or a loading position of the object onto the 
moving body) of the specific marks before the beginning of detection as the first position while setting the exposure 
position where the pattern is transferred as the second position, for example, then the total movement time of the object 
from the waiting position to the exposure position when detecting the plurality of specific marks with the mark detection 
system is reduced without fail. 

[0022] Then, the moving body is moved based on detection results of the mark detection system so that the plurality 
of divided areas are set to the second position where the pattern is transferred, and the pattern is sequentially trans- 
ferred onto the plurality of divided areas on the object. Accordingly, with the first exposure method of the present 
invention, the time required for mark detection can be reduced, which makes it possible to reduce the total time required 
for the series of exposure operations. 

[0023] In this case, in the detection step, the specific mark can be selected from a plurality of alignment marks 
arranged corresponding to the plurality of divided areas on the object, and in the movement step, information for setting 
the plurality of divided areas on the object to the second position can be calculated, based on detection results of the 
specific marks detected by the mark detection system and positional information of the moving body obtained on 
detection of each specific mark, and the exposure method can further include: a step in which the object is moved via 
the moving body based on the calculated information so as to transfer the pattern onto each of the plurality of divided 
areas. 

[0024] In this case, the information can be array coordinates of a plurality of divided areas on the object in a reference 
coordinate system that sets the movement of the moving body. 

[0025] According to the third aspect of the present invention, the invention is a second exposure method in which a 
mask and an object are synchronously moved along a predetermined scanning direction to transfer a pattern formed 
on the mask onto the object, the exposure method including a step of: measuring positional information of a moving 
body where the object is mounted relative to the scanning direction with the scanning direction serving as a measure- 
ment axis direction, and driving the moving body synchronously with the mask in the scanning direction via the first 
and second drive units that respectively generate a drive force in a first axis direction and a second axis direction each 
intersecting the scanning direction. 

[0026] With this method, the first and second drive units simultaneously drive the moving body in the scanning di- 
rection on scanning exposure, therefore, the moving body can be driven within a shorter period of time when compared 
with the case when a single drive unit with the same drive performance is used to drive the moving body in the scanning 
direction. On the other hand, in the case the time required for driving the moving body on scanning exposure is to be 
set around the same period as when the single drive unit is used, the drive performance of each drive unit can be 
lowered. In addition, because the positional information related to the scanning direction of the moving body on which 
the object is mounted is measured with the scanning direction serving as the measurement axis direction, the meas- 
urement error of the position of the moving body on scanning exposure can be made smaller compared with when the 
first axis direction and the second axis direction serve as the measurement axis direction. Accordingly, the synchronous 
accuracy of the mask and the object can be increased, which allows exposure with a better overlay accuracy. 
[0027] According to the fourth aspect of the present invention, the invention is a first exposure apparatus that transfers 
a predetermined pattern onto each of a plurality of divided areas on an object, the exposure apparatus comprising: a 
moving body on which the object is mounted; a first drive unit that drives the moving body in a first axis direction; a 
second drive unit that drives the moving body in a second axis direction orthogonal to the first axis direction; a mark 
detection system that detects marks formed on the moving body; a processing unit that sequentially detects each of 
a specific mark using the detection system while controlling the first and second drive units, so that the moving body 
is moved along a specific path that has the minimum time required for movement when a component with a longer 
movement time of the first axis direction and the second axis direction for each path interval are added up, out of a 
plurality of paths where at least three specific marks that are noncollinear with the object are sequentially moved to a 
detection position of the detection system while moving from a first position to a second position where the pattern is 
transferred; and a control unit that controls the first and second drive units based on detection results of the mark 
detection system so as to set each of the plurality of divided areas on the object at the second position. 
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[0028] With the exposure apparatus, the processing unit sequentially detects each of the specific marks using the 
detection system while controlling the first and second drive units, so that the moving body is moved along the specific 
path that has the minimum time required for movement when the component with a longer movement time of the first 
axis direction and the second axis direction for each path interval are added up, out of a plurality of paths where at 
5 least three specific marks that are noncollinear with the object are sequentially moved to the detection position of the 
detection system while moving from the first position to the second position where the pattern is transferred. In this 
case, time required for movement' of 'a component with a longer movement time of the first axis direction and the 
second axis direction for each path interval' refers to the axis direction component that serves as the determining 
condition in the case when both the first and second drive units simultaneously drive the moving body. The specific 

10 path that has the minimum sum of the axis direction components is obviously the path that has the shortest movement 
time. Accordingly, by moving the moving body along the specific path described above, each specific mark can be 
sequentially detected using the mark detection system while the moving body is moved in the shortest movement time. 
[0029] Then, the first and second drive units are controlled by the control unit based on detection results of the mark 
detection system, so as to set each of the plurality of divided areas on the object at the second position where the 

15 pattern transfer is performed. Accordingly, the moving body is moved based on the detection results of the mark de- 
tection system so that the plurality of divided areas on the object are each set at the second position, and then the 
pattern is sequentially transferred onto the plurality of divided areas on the object. Therefore, according to the first 
exposure apparatus of the present invention, the time required for mark detection can be reduced, which makes It 
possible to reduce the total time required for the series of exposure operations, which consequently makes it possible 

20 to improve the throughput. 

[0030] According to the fifth aspect of the present invention, the invention is a second exposure apparatus that moves 
a mask and an object synchronously in a predetermined scanning direction, and transfers a pattern formed on the 
mask onto the object, the exposure apparatus comprising: a moving body on which the object is mounted; a first drive 
unit and a second drive unit that drive the moving body in a first axis direction and a second axis direction, respectively, 

25 the first axis direction and the second axis direction each intersecting the scanning direction; and a position measure- 
ment unit that measures positional information of the moving body relative to the scanning direction, with the scanning 
direction serving as a measurement axis direction. 

[0031] With the exposure apparatus, the moving body on which the object is mounted is driven in the first axis direction 
by the first drive unit and in the second axis direction by the second drive unit. Meanwhile, the positional information 

30 of the moving body relative to the scanning direction is measured using the position measurement unit, with the scan- 
ning direction serving as the measurement axis direction. Accordingly, for example, by driving the moving body in the 
scanning direction with the simultaneous drive of the first and second drive units on scanning exposure, the moving 
body can be driven in a shorter period of time than when the moving body is driven using a single drive unit with the 
same drive performance whose drive axis direction is the scanning direction. On the other hand, in the case the time 

35 required for driving the moving body on scanning exposure is to be set around the same period as when the single 
drive unit is used, the drive performance of each drive unit can be lowered. In addition, because the scanning direction 
serves as the measurement axis direction in the position measurement unit, the measurement error of the position of 
the moving body on scanning exposure can be made smaller compared with when the first axis direction and the 
second axis direction serve as the measurement axis direction. Accordingly, the synchronous accuracy of the mask 

40 and the object can be increased, which allows exposure with a better overlay accuracy. 

[0032] In this case, the first axis direction and the second axis direction can be set at an angle of 45° with respect 
to the scanning direction. In addition, the position measurement unit can be a light wave interference type length 
measuring instrument that irradiates a length measurement beam on a reflection surface arranged on the moving body 
and measures positional information relative to the scanning direction of the moving body by receiving reflected light 

45 from the reflection surface. 

[0033] In the lithography process, by transferring the pattern onto the object using either the first exposure method 
or the first exposure apparatus of the present invention, from the aspect of improving throughput, the productivity of 
the devices serving as end products can be improved. Accordingly, further from another aspect, it can be said that the 
present invention is a device manufacturing method that uses either the first exposure method or the first exposure 

so apparatus of the present invention. 

[0034] In addition, in the lithography process, by transferring the pattern onto the object using either the second 
exposure method or the second exposure apparatus of the present invention, from the aspect of improving yield, the 
productivity of the devices serving as end products can be improved. Accordingly, further from another aspect, it can 
be said that the present invention is a device manufacturing method that uses either the second exposure method or 

55 the second exposure apparatus of the present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0035] 

FIG. 1 is a schematic view of a configuration of an exposure apparatus related to a first embodiment of the present 
invention; 

FIG. 2 is a planar view of a configuration of a wafer stage and a wafer stage drive section in FIG. 1 ; 
FIG. 3 is a view of shot areas and alignment marks on a wafer; 

FIG. 4 is a view of a movement track of the detection center of an alignment detection system with respect to a 
wafer that is used to describe a movement path of a wafer from a wafer exchange position to an exposure starting 
position while moving through alignment measurement; 

FIG. 5 is a view of a movement track of a wafer that corresponds to the moving track in FIG. 4; 
FIG. 6A is a view of a movement track of a wafer in the case a sample mark M 12 closer to the sixth sample mark 
is selected as the seventh sample mark and a sample mark M 13 is selected as the eighth sample mark, while FIG. 
6B is a view of a movement track of a wafer in the case the sample mark M 13 is selected as the seventh sample 
mark and the sample mark M 12 is selected as the eighth sample mark; 

FIG. 7 is a schematic view that visually shows the amount of time it takes to move through the path in FIG, 6A and 
the path in FIG. 6B; 

FIG. 8 is a planar view of an entire configuration of a stage unit related to a second embodiment of the present 
invention; 

FIG. 9 is a planar view of a modified example of a stage unit related to the second embodiment; 

FIG. 10 is a flow chart for explaining an embodiment of a device manufacturing method according to the present 

invention; and 

FIG. 11 is a flow chart for showing a detailed example of step 204 in FIG. 10. 
Best Mode for Carrying out the Invention 
- A First Embodiment 

[0036] A first embodiment of the present invention is described below, referring to FIGS. 1 to 7. 
[0037] FIG. 1 shows an entire configuration of an exposure apparatus 1 00 related to the first embodiment. Exposure 
apparatus 100 is a projection exposure apparatus (the so-called scanning stepper) of a step-and-scan method. Expo- 
sure apparatus 100 is equipped with: an illumination system 10; a reticle stage RSTthat holds a reticle R serving as 
a mask; a projection optical system PL; a stage unit 50 that incorporates a wafer stage WST serving as a moving body 
on which a wafer W serving as an object is mounted; a control system for the above parts; and the like. 
[0038] Illumination system 1 0 includes a light source and an illumination optical system, and a rectangular shaped 
or an arc-shaped illumination area set by an aperture stop (also referred to as a masking blade or a reticle blind) 
disposed inside the system is irradiated with an illumination light IL serving as an energy beam, so as to evenly illuminate 
reticle R on which a circuit pattern is formed. An illumination system similar to illumination system 10 is disclosed in, 
for example, Japanese Patent Application Laid-Open No. 06-349701 and its corresponding U.S. Pat. No. 5,534,970. 
As long as the national laws in designated states (or elected states), to which this international application is applied, 
permit, the above disclosures of the publication and the corresponding U.S. Patent are incorporated herein by refer- 
ence. 

[0039] As illumination light IL, far ultraviolet light such as the KrF excimer laser beam (wavelength 248 nm), vacuum 
ultraviolet light such as the ArF excimer laser beam (wavelength 193 nm) or the F 2 laser (wavelength 157 nm), or the 
like is used. It is also possible to use bright lines in the ultraviolet region generated by an ultra high-pressure mercury 
lamp (such as the g-line or the i-line) as illumination light IL. 

[0040] On reticle stage RST, reticle R is fixed by, e.g. electrostatic chucking, vacuum chucking, or the like. Reticle 
stage RST is structured so that it can be finely driven (includes rotation around a 2-axis (6z rotation)) within an XY 
plane, which is perpendicular to the optical axis of illumination system 10 (coincides with optical axis AX of projection 
optical system PL described later) by a reticle stage drive section (not shown) that includes linear motors, voice coil 
motors, and the like. Reticle stage RST can also be driven in a predetermined scanning direction (in this case, a Y- 
axis direction, which is a direction orthogonal to the page surface of FIG.1 ) at a designated scanning speed. 
[0041] The position (including 6z rotation) of reticle stage RST within the XY plane is constantly detected by a reticle 
laser interferometer (hereinafter referred to as 'reticle interferometer') 1 6, which irradiates a laser beam on a reflection 
surface formed in a part of reticle stage RST or arranged on the stage, at a resolution around, for example, 0.5 to 1 nm. 
[0042] The positional information of reticle stage RST from reticle interferometer 1 6 is supplied to a main controller 
20. Based on the positional information of reticle stage RST, main controller 20 controls and drives reticle stage RST 
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via the reticle stage drive section (not shown). 

[0043] Projection optical system PL is disposed below reticle stage RST, as in FIG. 1 , and the direction of optical 
axis AX of projection optical system PL is to be the Z-axis direction. As projection optical system PL, for example, a 
both-side telecentric dioptric system is used that has a predetermined projection magnification 0 (p is, for example, 
1/4 or 1/5). Therefore, when illumination light ILfrom illumination system 10 illuminates the illumination area on reticle 
R, illumination light IL that has passed through reticle R forms a reduced image of the circuit pattern within the illumi- 
nation area on reticle R (a partial inverted image of the circuit pattern) on wafer W whose surface is coated with a resist 
(photosensitive agent), via projection optical system PL. 

[0044] Stage unit 50 is equipped with: a stage base 40, which is supported substantially horizontal on a floor surface 
(or a base plate or a frame caster) F via a plurality (e.g. three or four) of vibration isolation units 26; wafer stage WST 
disposed above stage base 40; and a wafer stage drive section that drives wafer stage WST. 

[0045] Vibration isolation units 26 each isolate fine vibration traveling from floor surface F to stage base 40 at a 
micro-G level, respectively. As these vibration isolation units 26, it is a matter of course that the so-called active vibration 
isolation units, which proactively suppress vibration of stage base 40 based on the output data of vibration sensors 
such as semiconductor accelerometers, can be used. 

[0046] The +Z surface (the upper surface) of stage base 40 is processed to have an extremely high flatness degree. 
The +Z surface is a guide surface 40a, which is a movement reference surface of wafer stage WST 
[0047] Wafer stage WST is driven by the wafer stage drive section described later below projection optical system 
PL in FIG. 1 . Wafer stage WST holds wafer W and performs an XY two-dimensional movement along guide surface 40a. 
[0048] Wafer stage WST is equipped with a wafer stage main body 30, and a wafer table WTB that is mounted on 
wafer stage main body 30 via a Z-tilt drive mechanism 36. On the upper surface of wafer table WTB, wafer W is held 
by vacuum suction (or electrostatic suction) or the like via a wafer holder 25. 

[0049] Wafer stage main body 30 consists of a rough rectangular-solid-shaped member that has an opening com- 
municating in an X-axis direction. On the lower surface of wafer stage main body 30, a plurality (e.g. four) of vacuum 
preload gas hydrostatic bearings (not shown, hereinafter simply referred to as 'gas hydrostatic bearings') are arranged, 
and pressurized gas blows out from these gas hydrostatic bearings toward the upper surface (guide surface) 40a of 
stage base 40. In this case, wafer stage WST is supported by levitation in a noncontact manner above guide surface 
40a via a clearance of around several u. m, due to the balance between the static pressure of the pressurized gas 
between the bearing surface of the gas hydrostatic bearings and guide surface 40a (or in other words, pressure within 
the gap), and the weight of wafer stage WST itself and the force of the vacuum preload. 

[0050] As is shown in FIGS. 1 and 2, the wafer stage drive section is equipped with an X-axis linear motor 36X f and 
a pair of Y-axis linear motors and 36Y 2 . X-axis linear motor 36X drives wafer stage WST in the X-axis direction, 
which is the non-scanning direction orthogonal to the scanning direction (Y-axis direction), whereas, Y-axis linear motors 
36Y 1 and 36Y 2 drive wafer stage WST in the Y-axis direction, which is the scanning direction, integrally with X-axis 
linear motor 36X. 

[0051] X-axis linear motor 36X is equipped with an X-axis linear guide 34X serving as a stator whose longitudinal 
direction is in the X-axis direction, and a X mover 32X that moves in the X-axis direction with wafer stage WST along 
X-axis linear guide 34X. 

[0052] X-axis linear guide 34X is equipped with a guide member whose longitudinal direction is in the X-axis direction, 
a plurality of armature coils disposed in a predetermined spacing along the X-axis direction inside the guide member, 
and the like. X-axis linear guide 34X is in a state inserted inside wafer stage main body 30 (in the opening formed 
communicating in the X-axis direction). 

[0053] X mover 32X is fixed to wafer stage main body 30 in a state where X-axis linear guide 34X is insertable into 
its inner opening. X mover 32X is equipped with a mover yoke (magnet plate) that has a rectangular-framed sectional 
shape, extending in the X-axis direction, and a plurality of field magnets consisting of N-pole and S-pole permanent 
magnets that are alternately disposed at a predetermined spacing along the X-axis direction on the upper and lower 
opposing inner surfaces of the mover yoke, with each of the permanent magnets opposing X-axis linear guide 34X 
described above. In this case, the field magnets that are adjacent have an opposite polarity. The field magnets that 
oppose each other also have an opposite polarity. Accordingly, an alternating magnetic field is formed along the X-axis 
direction in the inner space of the mover yoke. 

[0054] Then, X mover 32X and X-axis linear guide 34X, or to be more specific, the electromagnetic force generated 
by electromagnetic interaction between the alternating magnetic field of the field magnets constituting X mover 32X 
and an armature unit (current flow through the armature coil) constituting X-axis linear guide 34X. moves wafer stage 
WST in the X-axis direction along X-axis linear guide 34X. That is, mover 32X and X-axis linear guide 34X constitute 
X-axis linear motor 36X, which is a moving magnet type electro-magnetically driven linear motor, and X-axis linear 
motor 36X constitutes a first drive unit, which drives wafer stage WST in the X-axis direction (a first axis direction). 
[0055] On the lower surface of X-axis linear guide 34X close to both of the ends in the longitudinal direction, gas 
hydrostatic bearings 39A and 39B are arranged, respectively. Pressurized gas blows out from gas hydrostatic bearings 
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39A and 39B toward the upper surface (guide surface) 40a of stage base 40, and as in the case of wafer stage main 
body 30 described earlier, X-axis linear guide 34X is supported by levitation above guide surface 40a in a noncontact 
manner by the static pressure of the pressurized gas between the bearing surface of gas hydrostatic bearings 39A 
and 39B and guide surface 40a (or in other words, pressure within the gap). In this case, a clearance (bearing gap) of 
5 around several u. m is maintained between the bearing surface of gas hydrostatic bearings 39A and 39B and guide 
surface 40a. 

[0056] As is shown in FIGS. 1 and 2, one of the Y-axis linear motors, Y-axis linear motor 36Y., , is equipped with a Y 
mover 32Y 1} which is fixed to one end (-X end) of X-axis linear guide 34X in the longitudinal direction, and a Y-axis 
linear guide 34Y 1f which has a sectional shape of a letter U in an XZ plane where Y mover 32Y 1 is inserted. 

10 [0057] Y mover 32Y, has a sectional shape of a letter T in the XZ plane, and inside Y mover 32Y 1f armature coils 
(not shown) are disposed in the Y-axis direction at a predetermined interval (predetermined pitch). 
[0058] As is with X mover 32X described earlier, on a pair of opposing surfaces (upper and lower opposing surface) 
inside Y-axis linear guide 34Y 1 , a plurality of field magnets (not shown) are disposed in the Y-axis direction at a pre- 
determined interval. Y-axis linear guide 34Y t is held in the longitudinal direction near both ends, by two support mem- 

15 bers 64 fixed on floor surface F on the -X side of stage base 40, respectively. 

[0059] As is described, in the embodiment, Y mover 32 1 and Y-axis linear guide 34Y 1 constitute Y-axis linear motor 
36Y 1t which is a moving magnet type electro-magnetlcally driven linear motor. 

[0060] The other Y-axis linear motor, Y-axis linear motor 36Y 2 , is composed including a Y-axis linear guide 34Y 2 , 
which extends in the Y-axis direction above floor surface F on the +X side of stage base 40, and a Y mover 32Y 2 , which 
20 is fixed to the other end (+X end) of X-axis linear guide 34X in the longitudinal direction, and is also inserted into Y- 
axis linear guide 34Y 2 . 

[0061] Y-axis linear guide 34Y 2 is composed in the same manner as Y-axis linear guide 34Yj described earlier, and 
two support members 66 hold both ends of Y-axis linear guide 34Y 2 in the vicinity in the longitudinal direction, respec- 
tively. Y mover 32Y 2 is also composed in the same manner as Y mover 32Y., described earlier. 
25 [0062] Also in this case, Y mover 32Y 2 and Y-axis linear guide 34Y 2 constitute Y-axis linear motor 36Y 2 , which is a 
moving magnet type electro-magnetically driven linear motor. 

[0063] Referring back in the description, gas hydrostatic bearings (not shown) are arranged in between the surfaces 
of X-axis linear guide 34X on the +Y and -Y sides and wafer stage main body 30 that faces the surfaces, respectively. 
The static pressures of the pressurized gases of the gas hydrostatic bearings are balanced so that the relative positional 

30 relation of wafer stage main body 30 and X-axis linear guide 34X in the Y-axis direction is maintained in a constant 
state. Therefore, when Y-axis linear motors 36Y., and 36Y 2 generate a drive force (Lorentz force) in the Y-axis direction, 
X-axis linear guide 34X is driven in the Y-axis direction, and by the drive force, wafer stage WST is also to be driven 
in the Y-axis direction along with X-axis linear guide 34X. That is, in the embodiment, the pair of Y-axis linear motors 
36Y 1 and 36Y 2 constitutes a second drive unit that drives wafer stage WST in the Y-axis direction (a second axis 

35 direction). 

[0064] Z-tilt drive mechanism 38 is composed including three actuators (such as voice coil motors or El cores) that 
support wafer table WTB at three points on wafer stage main body 30. Z-tilt drive mechanism 38 drives wafer table 
WTB finely in directions of three degrees of freedom; in the Z-axis, Gx (rotation direction around the X-axis), and Gy 
(rotation direction around the Y-axis) directions. 

40 [0065] . As is shown in FIG. 1 , on the edge of the upper surface of wafer table WTB, a movable mirror 21 is fixed, on 
which a laser beam from a wafer laser interferometer (hereinafter referred to as a 'wafer interferometer') 23 serving as 
a position measuring unit (light wave interference type length measuring instrument) is irradiated. And from wafer 
interferometer 23 externally disposed, the position of wafer table WTB within the XY plane (including the Gz rotation) 
is detected constantly, at a resolution of, e.g. around 0.5 to 1 nm, based on the light reflected off movable mirror 21 . 

45 [0066] On the upper surface of wafer table WTB, in actual, a movable mirror 21 X that has a reflection surface or- 
thogonal to the X-axis direction is arranged close to the edge on the +X side, whereas a movable mirror 21 Y that has 
a reflection surface orthogonal to the Y-axis direction is arranged close to the edge on the +Y side, as is shown in FIG. 
2. In addition, corresponding to these mirrors, an X-axis interferometer 23X and a Y-axis interferometer 23Y are ar- 
ranged for measuring the position of wafer table WTB in the X-axis direction and the Y-axis direction, respectively, by 

so irradiating laser beams onto movable mirrors 21 X and 21 Y. In the embodiment, X-axis interferometer 23X and Y-axis 
interferometer 23Y are both multi-axis interferometers that have a plurality of length measurement axes, and in addition 
to the rotation amount (yawing amount) of wafer table WTB in the Gz direction, the rotation amount (pitching amount) 
in the Gx direction and the rotation amount (rolling amount) in the Gy direction can also be detected. Accordingly, a 
plurality of wafer interferometers and movable mirrors are arranged as is described above, however, in FIG. 1 , these 

55 are representatively shown as movable mirror 21 and wafer interferometer 23. 

[0067] Instead of providing movable mirror 21 X and 21 Y, for example, the edge surface of wafer table WTB may be 
mirror polished so as to form a reflection surface (corresponding to the reflection surface of movable mirrors 21 X and 
21 Y). In addition, the multi-axis interferometers may detect the positional information relative to the optical axis direction 
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(Z-axis direction) of projection optical system PL by irradiating laser beams on a reflection surface arranged on a frame 
(not shown) on which projection optical system PL is mounted via a reflection surface arranged on wafer table WTB 
inclined at an angle of 45°. In this case, the positional relation relative to the Z-axis direction may be detected at a 
plurality of points within the XY plane, and the inclination information relative to the XY plane may also be obtained in 
5 addition to the positional information of wafer table WTB in the Z-axis direction. Furthermore, wafer stage WST may 
be configured so that wafer table WTB is finely drivable in directions of six degrees of freedom, additionally in the X- 
axis, Y-axis, and 6z directions. 

[0068] The positional information (and velocity information) of wafer table WTB measured by wafer interferometer 
23 is sent to main controller 20 in FIG. 1, and based on the information, main controller 20 controls the position of 
10 wafer stage WST via linear motors 36X, 36 Y v and 36 Y 2 that compose the wafer stage drive section previously de- 
scribed. 

[0069] As is shown in FIG. 1 , on the side surface of projection optical system PL, an alignment detection system AS 
is arranged, which serves as a mark detection system by the off -axis method. As alignment detection system AS, an 
FIA (Field Image Alignment) system is used. Details on such a system are disclosed in, for example, Japanese Patent 

15 Application Laid-Open No. 02-541 03 and its corresponding U.S. Pat. No. 4,962,318, and the like. Alignment detection 
system AS irradiates an illumination light (such as white light) that has a predetermined wavelength width on a wafer, 
forms an image of an alignment mark serving as a positioning mark on the wafer and an image of an index mark on 
an index plate disposed on a plane conjugate with the wafer by an objective lens or the like on the light receiving 
surface of a pick-up device (such as a CCD camera), and then performs detection. Then, alignment detection system 

20 AS outputs the imaging results of the marks subject to detection to main controller 20. As long as the national laws in 
designated states (or elected states), to which this international application is applied, permit, the above disclosures 
of the publication and the corresponding U.S. Patent are incorporated herein by reference. 

[0070] The alignment detection system is not limited to the FIA system, and an alignment sensor may also be used 
that irradiates a laser beam on a grating mark on a wafer from a predetermined direction (for example, a perpendicular 
25 direction), and detects the interference beams of the diffracted lights of the same order (±rfl* order diffracted light) 
generated from the grating mark. 

[0071] Furthermore, in exposure apparatus 1 00 in the embodiment, the position of wafer W in the +Z direction and 
the inclination relative to the XY plane are measured by a focus sensor (omitted in drawings) that consists of a multiple 
focal point position detection system, which details are disclosed in, for example, Japanese Patent Application Laid- 

30 Open No. 06-283403 and its corresponding U.S. Pat. No. 5,448,332. The output of the focus sensor is supplied to 
main controller 20, and main controller 20 controls wafer stage WST and performs the so-called focus leveling control. 
The detection points (irradiation points of the image-forming beams) of the focus sensor may be located only in the 
exposure area described earlier, or the detection points may be located in the exposure area and also on both sides 
in the scanning direction. In addition, the image made by the image-forming beams is not limited to a pinhole image 

35 or a slit image, and an image of a predetermined shape (e. g. a parallelogram) that has a certain amount of area may 
be formed. As long as the national laws in designated states (or elected states), to which this international application 
is applied, permit, the above disclosures of the publication and the corresponding U.S. Patent are incorporated herein 
by reference. 

[0072] The control system is mainly composed of main controller 20. Main controller 20 is configured including the 
40 so-called microcomputer (or workstation) that consists of a CPU (Central Processing Unit), a ROM (Read Only Mem- 
ory), a RAM (Random Access Memory), and the like, and main controller 20 controls the overall operation of the entire 
apparatus. Main controller 20 has control over operations such as, synchronous scanning of reticle R (reticle stage 
RST) and wafer W (wafer stage WST), step movement operation of wafer W (wafer stage WST) in between shots, and 
the like, so that the exposure operation is accurately performed. 
45 [0073] In exposure apparatus 1 00 of the embodiment, as in a typical scanning stepper, after predetermined prepar- 
atory operations are performed such as wafer exchange (or wafer loading) at a wafer exchange position; reticle align- 
ment and baseline measurement of alignment detection system AS; wafer alignment by the EGA (Enhanced Global 
Alignment) described later; and the like, exposure operation by the step-and-scan method is performed. Thus, the 
circuit pattern of reticle R is transferred onto the plurality of shot areas on wafer W. 
so [0074] During scanning exposure of each shot area on wafer W, because exposure has to be performed in a state 
where the surface of wafer W substantially coincides with the image-forming plane of projection optical system PL 
within the illumination area (exposure area previously described) of illumination light IL on wafer W, main controller 20 
performs auto-focusing and auto-leveling based on the output of the focus sensor. 

[0075] Next, wafer alignment by the EGA method employed in the embodiment will be briefly described. 
55 [0076] In the EGA method, positional information such as the position coordinates is measured for a plurality of shot 
areas (three or more, normally around seven to fifteen) that are selected in advance as specific shot areas of a wafer. 
Then, using the measurement values, statistical calculation (the least squares method or the like) is performed to 
calculate the positional information (e.g. array coordinates of the shot areas) of all the shot areas on wafer W. After 
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the calculation is complete, the wafer stage is sequentially moved to a predetermined reference position, according to 
the calculated array coordinates of the shot areas. With this EGA method, the measurement time is short, and there 
is also an advantage of being able to expect an averaging effect to random measurement errors. 
[0077] A simple description will be made on the statistical processing method executed in the EGA method. On 
describing the method, when the design array coordinates of m (m>3) specific shot areas (also referred to as 'sample 

shot areas' or 'alignment shot areas') on wafer W are expressed as (X n , Y n ) (n=1 , 2 , m), a linear model as is shown 

in equation (1) below can be given for deviation (AX n , AY n ) from the design array coordinates. 



[0078] Furthermore, when deviation (measurement values) of the actual array coordinates of each of the m sample 
shot areas from the design array coordinates is to be expressed as (Ax n , Ay n ), the sum of squares E of the residual of 
such deviation and the deviation from the design array coordinates given by the above linear model can be expressed 
as in equation (2) below. 



[0079] Then, in the EGA method, parameters a, b, c, d, e, and f that minimizes equation \2) are calculated, and 
based on the calculated parameters a to f and the design array coordinates, array coordinates are calculated for all 
the shot areas on the wafer. Hereinafter, such a calculation process will be referred to as EGA calculation. 
[0080] In the embodiment, as the sample shot areas, as is shown in FIG. 3, among the shot areas (S n (n=1 to 51) 
serving as a plurality of divided areas formed on wafer W, eight shot areas (S 5 , S 6 , S 12 , S 13 , S 39 , S^, S^, S 47 ) located 
close to the outer edge of the wafer are selected in advance. Then, EGA calculation is to be performed, based on the 
detection results of positional information on alignment marks (sample marks) serving as positioning marks, which are 
arranged on the sample shot areas. 

[0081] More particularly, sample marks (M 5 , M 6 , M 12 , M 13} M 39 , M^, M^, M 47 ) that are arranged on the eight shot 
areas (sample shot areas, or in other words, alignment shot areas) on wafer W are detected, using alignment detection 
system AS. Then, position coordinates are obtained for the sample shot areas on the stage coordinate system, based 
on the detection results and the measurement values of wafer interferometer 23 obtained during the detection of each 
sample mark. And then, EGA calculation described earlier is performed based on the position coordinates of the sample 
shot areas that have been obtained and the respective design position coordinates. Accordingly, the six parameters 
in equation (1) above are calculated, along with the array coordinates for all the shot areas that are calculated based 
on the calculation results and the design values of the shot areas. 

[0082] Alignment mark M n is actually not formed within the shot area, and is formed on street lines between adjacent 
shot areas or the like. However, for the sake of convenience in the drawings and the description, alignment mark M n 
is described as if it is formed in the center of the shot area. 

[0083] In the embodiment, after wafer exchange has been performed at the wafer exchange position (a first position), 
a series of operations are performed to sequentially detect the eight sample marks (in this case, wafer table WTB 
(wafer stage WST) on which wafer W is mounted is moved according to the positional relation and detection order of 
the sample marks) , and to move wafer table WTB (wafer stage WST) on which wafer W is mounted to the exposure 
starting position. 

[0084] FIG. 4 shows the movement track of wafer table WTB (wafer W) when six of the sample marks (M^, M 47 , 
M 40> M 39> M 6» M s) nave Deen detected on detection of the eight sample marks shown in FIG. 3. However, in FIG. 4, 
for the sake of a better understanding, FIG. 4 shows the movement track of the detection center of alignment detection 
system AS that moves relatively to wafer table WTB (wafer W), and wafer table WTB (wafer W) is to be fixed. In FIG. 
4, mark P ch shows the position of the detection center of alignment detection system AS when wafer table WTB (wafer 
stage WST) is at the wafer exchange position. In addition, in FIG. 4, mark P exp shows the position of the detection 
center of alignment detection system AS when wafer table WTB (wafer stage WST) is at the exposure starting position 
(a second position). 

[0085] In the description below, for the sake of convenience, mark P ch will be appropriately expressed as *wafer 
exchange position P ch / and mark P exp will be expressed as 'exposure starting position P ' 




E=Z i(Ax n -AX n f + (Ay„-A Y n ) 2 } 



(2) 
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[0086] FIG. 5 shows the movement track of wafer W (that is, wafer stage WST) that corresponds to the movement 
track in FIG. 4. In FIG. 5, the track shown in the broken line shows the track of the center of wafer W. In addition, in 
FIG. 5, point P 0 shows the position of the center of wafer W after wafer exchange whereas mark shows the position 
of the detection center of alignment detection system AS when wafer stage WST is at the wafer exchange position. 
s Furthermore, points P 1s P 2 , P 3 , P 4 , P 5 , P 6 indicate the positions of the center of wafer W when sample marks M^, 
M 47 , M^o, M^, M 6> M 5 are detected using alignment detection system AS. As is obvious when comparing FIGS. 5 and 
4, the positional relation of points P 1 to P 6 accurately corresponds to the positional relation of sample marks M^, M 47 , 
M4Q, M^, M 6l and M 5 . 

[0087] From the viewpoint of improving the throughput of the entire exposure processing, it is important to decide 
10 the movement path of wafer W (wafer stage WST) so that the time wafer W requires from wafer exchange position P ch 
to exposure starting position P exp is the shortest. The method of deciding the movement path of wafer W on wafer 
alignment performed in the embodiment is described below, referring to an example. 

[0088] FIGS. 6A and 6B show drawings for describing a way to decide the path from the 7 th sample mark (M 12 or 
M 13 ) , the 8 th sample mark (M 13 or M 12 ), and then to exposure starting position P exp when detecting the eight sample 
is marks as is previously described, in the case detection of the six sample marks (M^, M 47 , M^, M39, M 6 , M 5 ) have 
already been completed (refer to FIG. 4). 

[0089] Of the drawings, FIG. 6A shows the movement path of the wafer in the case when sample mark M 12 , which 
is closerto the e^sampie mark M 5 , is chosen as the 7 th sample mark and sample mark M 13 is chosen as the 8 th sample 
mark. On the other hand, FIG. 6B shows the movement path of the wafer in the case when sample mark M 13 is chosen 
20 as the 7 th sample mark and sample mark M 12 is chosen as the 8 th sample mark. 

[0090] In this case, equation (3) below shows the moving distance when the movement path shown in FIG. 6A is 
selected, whereas equation (4) below shows the moving distance when the movement path shown in FIG. 6B is se- 
lected. 

A+B+C=(A x 2 +A Y 2 ) 1/2 +B+(C x 2 +C Y 2 ) 1/2 (3) 
A'+B+C , =(A x 2 +A Y , 2 ) 1/2 +B+(C x 2 +C y . 2 ) 1/2 (4) 

30 

[0091] As is obvious when comparing FIGS. 6A and 6B, the movement path in FIG. 6B has a longer moving distance. 
Also in this case, path interval B (the path between marks M 12 and M 13 ) is common in both paths, therefore, equation 
(5) below stands. 

35 (A x 2 +A Y 2 ) 1/2 + (C X 2 +C Y 2 ) 1/2 <(A X 2 +A Y 2 ) 1/2 +(C x 2 +C Y , 2 ) 1/2 (5) 

[0092] The term 'movement path 1 here is actually the relative movement path of the detection center of alignment 
detection system AS with respect to the wafer, therefore, alignment detection system AS does not move. However, for 
40 the sake of convenience in the drawings and the description, FIGS, 4, 6A, and 6B are shown as if alignment detection 
system AS moves. 

[0093] Next, the case is described whether to choose either the movement path in FIG. 6A or the movement path in 
FIG. 6B for a shorter movement time. 

[0094] As is described earlier, because path interval B is common when choosing either of the paths, in order to 
45 compare the time required to move along each path, the time required to move along the following paths should be 
compared: {path interval A (the path interval between marks M 5 and M 12 ) + path interval C (the path interval between 
mark M 13 and exposure starting position P exp ); and {path interval A' (the path interval between marks M 5 and M 13 ) + 
path interval C (the path interval between mark M 12 and exposure starting position P exp ). 

[0095] In this case, in order to simplify the description, the performance (drive thrust and drive speed) of X-axis linear 
50 motor 36X and Y-axis linear motors 36Y 1 and 36Y 2 is to be the same, and each of the linear motors 36X, 36Y V and 
36Y 2 are to be moved at a constant speed (acceleration time is ignored). Accordingly, for example, when wafer stage 
WST moves from coordinate (0, 0) to coordinate (a, 0), or from coordinate (0, 0) to coordinate (a, b) (b<a), the time 
required for movement is the same (more specifically, the movement in the direction of one axis is concealed in the 
movement in the direction of the other axis). In this case, the moving distance in the former case turns out to be a, 
55 whereas the moving distance is (a 2 +b 2 )^ in the latter case, which means that the moving distance can be increased 
in the latter case in the same period of time. 

[0096] That is, the time required to move along each path interval is proportional to either the X-direction component 
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(X distance) or the Y-direction component (Y distance) of the path interval, whichever is longer (the component of a 
longer distance becomes the determining condition). 

[0097] To be more specific, in the path shown in FIG. 6A, since X component A x is longer than Y component A Y in 
path interval A, X component A x becomes the determining condition for path interval A, whereas for path interval C, 
Y component C Y becomes the determining condition since Y component C Y is longer than X component C x . Accord- 
ingly, the amount of time required to move along the path shown in FIG. 6A depends on the following: {Ay+C y ). 
[0098] Meanwhile, in the path shown in FIG. 6B, since X component A x . is longer than Y component A YS in path 
interval A' , X component A x . becomes the determining condition for path interval A\ whereas for path interval C\ X 
component becomes the determining condition since X component C x . is longer than Y component C Y .. Accordingly, 
the amount of time required to move along the path shown in FIG. 6A depends on the following: (A x .+C x ,). 
[0099] That is, of the paths in FIGS. 6A and 6B, in order to compare which path takes less time to move along, 
distance (A^Cy) and distance (A X r»-C x .) should be compared. 

[0100] FIG. 7 is a schematic diagram that visually shows the amount of time required in the paths in FIGS. 6A and 
6B. As is obvious from FIG. 7, when distance (A X +C Y ) and distance (A X ^C X .) are compared, distance (A^Cy) is longer 
by AL That is, equation (6) below is in effect. 

max{A x .,A Y .}+max{C x ,,C Y ,}<max{A Xl A Y }+max{C x ,C Y } (6) 
[0101] In equation (6), max{a,b} indicates that the larger value of a and b is to be used. 

[0102] Inthiscase, the time required for movement is shorterwhen the path shown in FIG. 6Bis used when comparing 
the cases of using the paths shown in FIGS. 6A and 6B. Accordingly, by employing the path that satisfies both equations 
(5) and (6) at the same time as in this case, the path that has a shorter movement time can be chosen, in contradiction 
to the actual amount of distance. 

[0103] As is described above, on selecting the next sample mark subject to detection, the movement time can be 
reduced, not by selecting the movement path that appears to have the shortest moving distance but by selecting the 
path that has a sequence which allows the shortest movement time throughout the entire path, such as by selecting 
the path in FIG. 6B in the example above. 

[0104] In the example above, the movement method of the wafer only after the detection of the 6 th sample mark is 
described. However, it is desirable to determine the path in the manner described above, so that the total movement 
time of the path from the first position to the second position, that is, from wafer exchange position P ch to exposure 
starting position P exp is the shortest. In this case, it is desirable to determine the movement path by taking into con- 
sideration the total positional relation between the first position and the detection center of alignment detection system 
AS; the positional relation between the plurality of sample marks on wafer W; and the positional relation between the 
detection center of alignment detection system AS and the second position. 

[01 05] In addition, in the description above, for the sake of simplicity, the performance {drive thrust and drive speed) 
of the X-axis linear motor and Y-axis linear motors is the same and the acceleration ignored. However, in actual, the 
performance (drive thrust and maximum speed) and the maximum acceleration of the X-axis linear motor and Y-axis 
linear motors have to be considered. That is, it is desirable to choose the shortest path from various paths by calculating 
the time required to move along the distance of the X and Y components of each path interval, based on the positional 
relation of the first position, the detection center of alignment detection system AS, and the second position, and the 
positional relation among the sample marks as is described above, taking into consideration the maximum acceleration 
and the maximum speed of each of the linear motors. To be more specific, it is desirable to choose the path with the 
shortest movement time by deciding whether the X-axis or Y-axis component will be the determining condition, and 
calculating the movement time in such case. And, on choosing the path, the time it takes to reach the maximum speed 
(acceleration time), which is evolved from the maximum acceleration and the maximum speed, the time it takes for the 
speed to be zero from the maximum speed (deceleration time), the moving distance during the acceleration and de- 
celeration, and the like should betaken into consideration. 

[0106] The way to decide the path is not limited to using both the maximum speed and the maximum acceleration, 
and the path may be decided using either the maximum speed or the maximum acceleration. Furthermore, in the 
embodiment, each of the sample marks are set within the detection area of alignment detection system AS by the drive 
of wafer stage WST, and the detection of the sample marks begins when the positional change of wafer stage WST 
(wafer W) settles within a predetermined permissible range, however, the time it takes for the positional change to 
settle within the predetermined permissible range (settling time) may change, for example, according to acceleration 
or the like. Therefore, it is preferable to decide the path that allows the shortest movement time by taking into consid- 
eration such settling time, in addition to at least one of the maximum speed and the maximum acceleration referred to 
above. In addition, in case the exposure apparatus in FIG. 1 is a static type exposure apparatus (as in a stepper), it is 
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also preferable to take into consideration the settling time that occurs on position setting of the first shot area on wafer 
W to the exposure position. 

[0107] As is described in detail so far, in exposure apparatus 100 in the embodiment, while wafer W is moved from 
wafer exchange position P ch (the first position) to exposure starting position P exp (the second position) as is shown in 
5 FIG. 4 for wafer alignment by the EGA method described earlier before exposure begins, after wafer exchange has 
been performed, the wafer (wafer stage WST) is moved along a path so that the detection center of alignment detection 
system AS sequentially goes through the plurality of sample marks M^, M 47l M^, and so forth on wafer W. FIG. 4 
shows as if the detection center of alignment detection system AS is moved, however, in actual, wafer stage WST on 
which wafer W is mounted is moved from the wafer exchange position P 0 (the first position) to the exposure starting 
io position (the second position), via the plurality of points P 1 , P 2 , P 3 , and so forth (these points are points that have a 
positional relation corresponding to the positional relation of sample marks M^, M 47 , M^, and so forth arranged on 
the plurality of sample shot areas on wafer W) that are noncollinear with the wafer exchange position. The plurality of 
points is also noncollinear with the second position. On such movement, among the plurality of paths from the wafer 
exchange position P 0 (the first position) to the exposure starting position via the plurality of points P 1f P 2 , P3, and so 
15 forth, wafer stage WST is to be moved along a specific path that has the minimum total amount of time required for 
movement when adding up the longer component of either the X-axis direction component (the first axis direction 
component) or the Y-axis direction component (the second axis direction component) that has a longer movement time 
for each of the path intervals. That is, in the case X-axis linear motor 36X, which drives wafer stage WST in the X-axis 
direction (the first axis direction), and Y-axis linear motors 36Y 1 and 36Y 2 , which drive wafer stage WST in the Y-axis 

20 direction (the second axis direction), simultaneously drive wafer stage WST, then wafer stage WST is moved along a 
specific path whose total time required for movement of the axis direction component serving as the determining con- 
dition is minimized. Consequently, it becomes possible to reduce the time required for moving wafer W from the wafer 
exchange position (the first position) to the exposure starting position (the second position) without fail. 
[0108] In addition, in the embodiment, in order to simplify the description, the performance (drive thrust and drive 

25 speed) of X-axis linear motor 36X and Y-axis linear motors 36Y 1 and 36Y 2 was presumed to be the same, and each 
of the linear motors 36X, 36 Y 1 , and 36Y 2 were moved at a constant speed (acceleration time was ignored) . Accordingly, 
the specific path described above coincides with the path in which the standstill time is minimum in both the X-axis 
and Y-axis linear motors, which drive wafer stage WST in the X-axis direction (the first axis direction) and the Y-axis 
direction (the second axis direction), respectively. In this case, the time that both the X-axis and Y-axis linear motors 

30 simultaneously drive wafer stage WST becomes extremely long, and during the simultaneous drive, the moving dis- 
tance of wafer stage WST (wafer W) per unit time can be made longer than when wafer stage WST is driven using 
only either of the linear motors, which consequently allows the time required to move wafer W from the wafer exchange 
position (the first position) to the exposure starting position (the second position) to be reduced without fail. 
[0109] In addition, in exposure apparatus 100 in the embodiment, information (array coordinates for each shot area) 

35 for moving the plurality of shot areas on wafer W to their scanning starting positions (reference positions) is calculated 
using the EGA calculation described earlier, based on the positional information of each of the sample marks detected 
by alignment detection system AS in the manner described above and the positional information (measurement values 
of the wafer interferometer) of wafer stage WST on the detection of each of the sample marks. Then, wafer W is moved 
based on the calculated information, and the pattern of reticle R is sequentially transferred onto the plurality of shot 

40 areas on wafer W by the step-and-scan method. Therefore, according to the embodiment, the time required for sample 
mark detection can be reduced, which allows the time required to be reduced for the entire series of the exposure 
processing. As a result from the aspect of improving throughput, it becomes possible to improve the productivity of 
devices serving as end products. 

[0110] In the embodiment above, eight shot areas on wafer W located closest to the outer periphery were selected 
45 as the sample shot areas, however, the number and the arrangement (position) of the sample shot areas and the 
sample marks are not limited to the ones shown In FIG. 3. For example, the number of sample shot areas and the 
sample marks are not limited to eight, as long as there are at least three sample marks, and the arrangement (position) 
is not limited to the outermost periphery, therefore, for example, shot areas adjacent to the inner side of the shot areas 
on the outermost periphery, or shot areas that are located around the center may also be selected. 
so [0111] In addition, in the embodiment above, the EGA method using equations (1) and (2) was employed as wafer 
alignment, however, wafer alignment is not limited to this method. For example, the so-called weighting EGA method 
may be employed in which the array coordinates of each of the shot areas are calculated by giving weighting to each 
of the alignment shot areas according to the distance of each shot area on the wafer and each of the plurality of 
alignment shot areas, as is disclosed in, for example, Japanese Patent No. 3339079 and the corresponding U.S. Patent 
55 No. 5,525,808. Or, the so-called multiple point EGA method may be employed in which the array coordinates of the 
shot areas are calculated by detecting each of a plurality of sample marks in a plurality of alignment shot areas and 
taking into consideration the rotation, the orthogonal degree, and the like of the shot areas, as is disclosed in, for 
example, Japanese Patent Nos. 3289264 and 3348918, and the corresponding U.S. Patent No. 6, 278, 957. That is, 
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the alignment method of the wafer is optional. As long as the national laws in designated states (or elected states), to 
which this international application is applied, permit, the above disclosures of the publication and the corresponding 
U.S. Patent are incorporated herein by reference. 

[0112] In the embodiment above, the case has been described where two-dimensional marks were employed as 
s alignment marks to obtain positional information in the X, Y two-dimensional directions. However, as the alignment 
marks, a one-dimensional mark may be employed, which are an X-mark that is used to obtain positional information 
only in the X-axis direction and a Y-mark that is used to obtain positional information only in the Y-axis direction. In the 
case of employing such one-dimensional marks, when considering wafer alignment by the EGA method previously 
described, a case may occur when alignment detection system AS is to detect each of the X- and Y- marks arranged 
10 in the same sample shot area. And, especially in the case when the two marks cannot be disposed within the detection 
area of alignment detection system AS at the same time (or in other words, when wafer stage WST has to be moved 
on detecting the two marks), the path with the shortest movement time should be decided also taking into consideration 
the position of these two marks. That is, it is desirable to move wafer stage WST along a movement path in which the 
positions of each of the X- and Y- marks pass through the detection position of alignment detection system AS while 
is minimizing the movement time of wafer stage WST. In addition, in the multiple point EGA method, even if the sample 
marks are two-dimensional marks, because the sample marks are each formed at different positions in each shot area, 
It is preferable to determine the path with the shortest movement time also taking into consideration the position of 
such marks as in the EGA method described above. 

[0113] In the embodiment above, the case has been described where the movement method of the present invention 

20 is applied when moving wafer W during the sample mark detection on wafer alignment by the EGA method. The present 
invention, however, is not limited to this, and for example, the movement path of the wafer on exposure or the like may 
also be decided in the same manner, and wafer W may be moved along the decided path. Or, in the case wafer 
alignment by the EGA method described earlier is performed following the so-called search alignment (such as, de- 
tection of search marks or the like by alignment detection system AS), the path whose sum of the longer amount of 

25 time for movement of the X-axis direction component and Y-axis direction component that takes longer for each path 
interval is minimum (or the path in which the standstill time is minimum in both the X-axis and Y-axis linear motors) 
may be decided as the movement path as in the embodiment above, and wafer stage WST may be moved along the 
decided path. Furthermore, in the case of detecting at least one reference mark formed on a reference plate (or wafer 
holder 25) arranged on wafer stage WST before, after, or during the wafer alignment by the EGA method described 

30 earlier by alignment detection system AS or the like, the movement path of wafer stage WST may be decided so that 
the sum of the amount of time required for movement described above, including at least the one reference mark, is 
minimized (or the standstill time described above is substantially minimized). In addition, in the case of detecting the 
reference marks of wafer stage WST using the reticle alignment system (not shown) described earlier, the movement 
path of wafer stage WST may be decided in the same manner as in the embodiment above, including the mark detection 

35 by the reticle alignment system. In this case, the detection position of the mark by the reticle alignment system may 
be set between the wafer exchange position P ch (the first position) and the exposure starting position P exp (the second 
position), or the detection position may be set before the first position or after the second position. Especially in the 
former case, predetermined points that the plurality of points (such as alignment marks) on wafer stage WST pass 
through in between the first and second positions are two different points, that is, the mark detection position by align- 

40 ment detection system AS and the mark detection position by the reticle alignment system. And, at least one point 
(such as a reference mark) of the plurality of points is to be detected by only the reticle alignment system, or can be 
detected by both the reticle alignment system and alignment detection system AS. That is, regardless of the position 
or the type of the mark on wafer stage WST, or the number, position, or the type of the mark detection system used 
for detection, and furthermore, regardless of the number or the position of predetermined points that the plurality of 

45 points pass through, as long as the wafer stage is moved from the first position to the second position via a plurality 
of points that include at least three noncollinear points, the amount of time required for movement can be reduced 
without fail as in the embodiment above, by moving wafer stage WST along a path that has the minimum total amount 
of time required for movement (or the path in which the standstill time is minimum in both the X-axis and Y-axis linear 
motors) is decided when adding up the longer component of eitherthe X-axis direction component (the first axis direction 

so component) or the Y-axis direction component (the second axis direction component) having a longer movement time 
for each of the path intervals. 

[0114] In addition, in the embodiment above, the first position was described as wafer exchange position P ch . The 
first position, however, is not limited to this. For example, the first position may also be the search alignment position 
described earlier, the detection position of the reference marks by the reticle alignment system, or the pre-alignment 
55 position for detecting the outer edge of the wafer. In the case the loading position of the wafer is different from the 
unloading position, either one of the positions can be the first position. 

[0115] In addition, in the embodiment above, the second position is the exposure position (more particularly, the 
position corresponding to the center of the exposure area within the projection field of projection optical system PL 



14 



BNSDOCIO. <EP 159642SA1J_> 



EP 1 596 425 A1 

where illumination light IL is irradiated, such as the optical axis position of projection optical system PL, however, in 
the embodiment above, since exposure apparatus 100 is a scanning exposure apparatus, the position is the starting 
position P exp for scanning exposure set at a predetermined relation with the exposure position, that is, one end of the 
exposure area in the scanning direction) where the reticle pattern is transferred via projection optical system PL. There- 
5 fore, wafer stage WST is to be moved so that the first shot area on the wafer is set to the exposure position (exposure 
starting position P exp ), after each of the plurality of points described earlier pass through the predetermined point. The 
second position, however, is not limited to the exposure position orthe exposure starting position P exp described earlier. 
For example, the second position could be the acceleration starting position of the wafer stage (wafer) for performing 
scanning exposure, or it may also be the unloading position of the wafer. Furthermore, in the case exposure apparatus 
10 100 is equipped with two wafer stages as is disclosed in, for example, International Publication Number W098/241 15 
and the corresponding U.S. Patent No. 6.341,007, or International Publication Number WO98/40791 and the corre- 
sponding U.S. Patent No. 6,262,796, a position different from the exposure position orthe exposure starting position 
may be decided as the second position. More particularly, in this exposure apparatus, while exposure processing of 
the wafer is being performed in parallel on one of the wafer stages arranged at the exposure position, detection of 

is alignment marks and reference marks is performed by the alignment detection system on the other stage arranged at 
the detection position (alignment position) of the marks. Then, when the wafer stage that has completed the exposure 
processing is exchanged and the other stage is arranged at the exposure position, the reticle alignment system performs 
detection of the reference marks in prior to the exposure processing. Accordingly, the position where the reticle align- 
ment system performs detection of the reference marks on the exposure position side may be decided as the second 

20 position. In addition, especially in the exposure apparatus whose details are disclosed in, International Publication 
Number WO98/40791, the exposure apparatus has a different wafer stage drive section arranged for the exposure 
position and the alignment position, and the wafer stage is delivered to and fro between the wafer drive section at the 
exposure position and the wafer drive section at the alignment position. Therefore, the delivery position (exchange 
position) of the wafer stage may be decided as the second position. 

25 [0116] In addition, in the embodiment above, the case has been described where the first position, the second po- 
sition, and the predetermined points (such as the mark detection position referred to above) that the plurality of points 
each pass through were set on the same coordinate system. However, at least one of the first position, the second 
position, and the predetermined points may be set on a different coordinate system. For example, in the exposure 
apparatus equipped with two wafer stages, the exposure position and the alignment position are set respectively on 

30 coordinate systems that are set by different interferometer systems. In this case, the wafer exchange position (such 
as the loading position) is set on the same coordinate system as the alignment position, whereas the mark detection 
position by the reticle alignment system is set on the same coordinate system as the exposure position. Furthermore, 
the first position, the second position, and the predetermined points do not all have to be set on the same or different 
coordinates. For example, in the case when the wafer exchange position is set outside the coordinate system on which 

35 the exposure position or the alignment position is set, the exchange position may be decided as the first or second 
position. In this case, the movement of the wafer stage outside the coordinate system can be controlled using a meas- 
urement unit (e.g. an encoder orthe like) different from the interferometer system that sets the coordinate system. 
[0117] In addition, the alignment method of the wafer is not limited to the EGA method described above, and the 
die-by-die method may also be employed. In the case of employing the die-by-die method, by employing the movement 

40 method of the present invention, wafer alignment can be performed within a shorter period of time. 

- A Second Embodiment 

[0118] Next, a second embodiment of the present invention is described, referring to FIG. 8. For parts that have the 
45 same or similar arrangement as the first embodiment previously described, the same reference numerals will be used, 
and the description thereabout will be brief, or omitted. 

[0119] FIG. 8 shows a planar view of a stage unit 50' related to the second embodiment. Stage unit 50* is equipped 
with a wafer stage WST, a wafer stage drive section, which drives wafer stage WST within a two-dimensional plane, 
and the like. 

so [0120] As in wafer stage WST in the first embodiment described earlier, wafer stage WST is equipped with a wafer 
stage main body (not shown), and a wafer table WTB mounted on the wafer stage main body via a Z-tilt drive mechanism 
(not shown). On the upper surface of wafer table WTB, a wafer W is held by suction, by vacuum chucking (or electrostatic 
suction) or the like via a wafer holder (drawing omitted). 

[0121] The position of wafer table WTB within the XY plane and the rotation (the rotation amount (yawing amount) 
55 in the 8z direction, the rotation amount (pitching amount) in the 6x direction, and the rotation amount (rolling amount) 
in the 8y direction) are detected (measured) by an X-axis interferometer 23X and a Y-axis interferometer 23Y via 
movable mirrors 21 X and 21 Y, respectively, in the same manner as in the first embodiment previously described. 
[0122] Meanwhile, the wafer stage drive section is equipped with a first linear motor 36A serving as a first drive unit, 
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and a pair of second linear motors 36B and 36C serving as a second drive unit. The first linear motor 36A drives wafer 
stage WST in a first axis direction, which is a direction inclined with respect to the X-axis and the Y-axis at an angle of 
45°, whereas the second linear motors 36B and 36C drives wafer stage WST integrally with the first linear motor 36A 
in a second axis direction, which is a direction orthogonal to the first axis direction within the XY plane. In the following 
description, for the sake of convenience, the first axis direction will be referred to as the XY r axis direction and the 
second axis direction will be referred to as the XY 2 -axis direction (refer to FIG. 8). 

[01 23] In the second embodiment, as a stage base 40, a rectangular shaped object with a planar view (when viewed 
from above) is used. Stage base 40 is disposed so that its longitudinal direction is the XY 2 -axis direction, and stage 
base 40 is supported substantially horizontal at a plurality of points (e.g. three or four points) on the floor surface (or 
a base plate, a frame caster, or the like) via vibration isolation units. 

[0124] The first linear motor 36A has the same configuration as the X-axis linear motor 36X in the first embodiment 
described earlier. The first linear motor 36A has a mover 32A, which is arranged in the wafer stage main body of wafer 
stage WST, and a linear guide 34A extending in the XY r axis direction that generates the drive force in the XY r axis 
direction by electromagnetic interaction with mover 32A. 

[0125] The pair of second linear motors 36B and 36C has the same configuration as the Y-axis linear motors 36Y., 
and 36Y 2 . More particularly, one of the linear motors, the second linear motor 36B has a mover 32B arranged on one 
end in the longitudinal direction of linear guide 34A constituting the first linear motor 36A, and a linear guide 34B 
extending in the XY 2 -axis direction that generates the drive force in the XY 2 -axis direction by electromagnetic interaction 
with mover 32B. Linear guide 34B is held on both ends in the longitudinal direction on the -XY 1 side of stage base 40 
by two support members 64 fixed on the floor surface. The other linear motor, the second linear motor 36C has a mover 
32C arranged on the other end in the longitudinal direction of linear guide 34A, and a linear guide 34C extending in 
the XY 2 -axis direction that generates the drive force in the XY 2 -axis direction by electromagnetic interaction with mover 
32C. Linear guide 34C is held on both ends in the longitudinal direction on the +XY 1 side of stage base 40 by two 
support members 66 fixed on the floor surface. 

[0126] The point that wafer stage WST is supported by levitation in a noncontact manner above guide surface 40a 
referred to earlier via a clearance of around several u. m, via gas hydrostatic bearings arranged on the bottom surface 
of wafer stage WST, and that linear guide 34A is supported by levitation (a clearance of around several u, m is formed 
between each of the bearings and guide surface 40a) above guide surface 40a in a noncontact manner via gas hy- 
drostatic bearings arranged on both ends of the lower surface side of linear guide 34A in the longitudinal direction are 
the same, as in the first embodiment. 

[0127] The configuration or the like of other parts are similar to the ones in exposure apparatus 100 in the first 
embodiment described earlier. 

[0128] In the exposure apparatus of the second embodiment that has the configuration described above, after the 
predetermined preparatory operations such as wafer exchange (or wafer loading) at the wafer exchange position, 
reticle alignment and baseline measurement by alignment detection system AS, wafer alignment by the EGA (Enhanced 
Global Alignment) method, and the like have been performed as in exposure apparatus 100 of the first embodiment 
previously described, exposure operation by the step-and-scan method is performed, and the circuit pattern of reticle 
R is transferred onto a plurality of shot areas on wafer W. 

[0129] In the exposure apparatus of the second embodiment described above, wafer stage WST is driven in the 
XY r axis direction inclined by 45° with respect to the X-axis and Y-axis by the first linear motor 36A, and is also driven 
in the XY 2 -axis direction orthogonal to the XY 1 -axis by the second linear motors 36B and 36C. Meanwhile, the position 
of wafer stage WST in the scanning direction (Y-axis direction) is measured by interferometer 23Y that has length 
measurement axes parallel to the scanning direction. In this case, for example, because the first linear motor 36A and 
the second linear motors 36B and 36C are driven simultaneously on scanning exposure to drive wafer stage WST the 
scanning direction, It becomes possible to drive wafer stage WST within a shorter period of time than when wafer stage 
WST is driven In the scanning direction using a single drive unit with the same drive performance. On the other hand, 
in the case the time for driving wafer stage WST on scanning exposure is to be set at substantially the same level as 
the single drive unit referred to earlier, the drive performance level of each of the drive units (the first linear motor 36A, 
and the second linear motors 36B and 36C) can be lowered. 

[0130] In addition, because the measurement axis direction of Y-axis interferometer 23Y is the scanning direction, 
it becomes possible to reduce the measurement errors of the position of wafer stage WST on scanning exposure, 
compared with the case when using an interferometer whose measurement axis direction is the XY r axis direction and 
the XY 2 -axis direction. This is because, for example, when the position of wafer table WTB is measured with the XY r 
axis and XY 2 -axis directions as the measurement axis direction, each measurement value has to be multiplied by V2 
(the square root of two) so as to transform the results to measurement values in the Y-axis direction. And on this 
transformation, the errors of the measurement values of the interferometer are also multiplied by V2, which makes the 
measurement error larger than the actual measurement error. In the second embodiment, however, since the length 
measurement axes of Y-axis interferometer 23Y is in parallel with the Y-axis direction, it is possible to measure the 
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position of wafer table WTB (wafer W) without overestimating the measurement errors. 

[01 31 ] Accordingly, in the second embodiment, the synchronous accuracy of reticle Rand wafer W can be improved, 
which makes it possible to achieve exposure with higher overlay accuracy. In addition, in this case, because the non- 
scanning direction serves as the measurement axis direction for X-axis interferometer 23X, position measurement 
s accuracy of wafer stage WST on stepping movement between shot areas is also good. 

[0132] As a consequence, at least the yield of devices serving as end products can be improved, which makes It 
possible to improve the productivity of the devices. 

[0133] In addition, in the exposure apparatus of the second embodiment, for example, on alignment by the EGA 
method describe earlier, the movement time of wafer stage WST can be minimized, by selecting the distance that 
io appears to be shortest. 

[0134] Furthermore, in the second embodiment, on driving wafer stage WST in the scanning direction, using two 
types of linear motors can reduce the heat generated in each of the linear motors. In addition, the temperature increase 
in each of the linear motors can be suppressed, and furthermore, the linear motors can be separately cooled, which 
can improve the cooling efficiency of the linear motors. Accordingly, the influence of heat to the periphery of the linear 

*5 motors can be reduced, as well as extend the life of the linear motors. 

[0135] In the second embodiment described above, the longitudinal direction of the first linear motor 36A and the 
second linear motors 36B and 36C (or to be more precise, the longitudinal direction of the linear guides that constitute 
each of the linear motors) have been set inclined at an angle of 45° to the X, Y-axis directions. The present invention, 
however, is not limited to this, and the longitudinal direction can be set at other various angles. 

20 [0136] In addition, the exposure apparatus of the second embodiment may employ the movement method (and the 
modified example) of the wafer stage described in the first embodiment. Furthermore, in the second embodiment, the 
configuration of the stage unit is not limited to the arrangement shown in FIG. 8, and for example, a stage unit 50° shown 
in FIG. 9 can also be employed. 

[0137] More particularly, as is shown in FIG. 9, as the wafer stage drive section that drives wafer table WTB (wafer 
25 stage WST), a drive unit, which is configured of a first drive mechanism 136 1 that has a rough H-shape in a planar 
view (when viewed from above) and a second drive mechanism 136 2 that has a structure symmetric to the first drive 
mechanism 136 1 with respect to the X-axis (or the Y-axis), may be employed. 

[0138] The first drive mechanism 136 1 is equipped with an XYraxis fine movement linear motor 36A, which finely 
drives wafer table WTB in the XYraxis direction, and a pair of XY 2 -axis coarse movement linear motors 36B and 36C, 

30 which drives wafer table WTB in the XY 2 -axis direction in predetermined strokes. 

[0139] XYraxis fine movement linear motor 36A is inserted into an opening formed penetrating wafer stage main 
body (not shown) in the XY r axis direction on which wafertable WTB is mounted. XY r axis fine movement linear motor 
36A has a stator 34A that extends in the XY r axis direction, and a mover arranged in the wafer stage main body that 
generates the drive force for driving wafer stage main body (wafer table WTB) in the XYraxis direction by electromag- 

35 netic interaction with stator 34A. 

[0140] The pair of XY 2 -axis coarse movement linear motors 36B and 36C has movers 32B and 32C, and a pair of 
stators 34B and 34C. Movers 32B and 32C are arranged on both ends of stator 34A in the longitudinal direction, 
respectively, whereas stators 34B and 34C each extend in the XY 2 -axis direction and integrally drive movers 32B and 
32C,XY 1 -axis fine movement linear motor 36A, and wafer stage main body (wafer table WTB) in the XY 2 -axis direction 

40 by individually interacting electromagnetically with movers 32B and 32C. 

[0141] In addition, on the lower surface (the surface that faces stage base 40) of stator 34A near both ends in the 
longitudinal direction, a pair of bearing mechanisms 39A and 39B are arranged facing guides 40a and 40b fixed to 
(protruded from) stage base 40, respectively. 

[0142] The second drive mechanism 1 36 2 is equipped with an XY 2 -axis fine movement linear motor 36D, which finely 
45 drives wafer table WTB in the XY 2 -axis direction, and a pair of XY r axis coarse movement linear motors 36E and 36F, 
which drives wafertable WTB in the XYraxis direction in predetermined strokes. 

[0143] XY 2 -axis fine movement linear motor 36D is inserted into an opening formed penetrating wafer stage main 
body (not shown) in the XY 2 -axis direction. XY 2 -axis fine movement linear motor 36D has a stator 34D that extends 
in the XY 2 -axis direction, and a mover arranged in the wafer stage main body that generates the drive force for driving 
so wafer stage main body (wafer table WTB) in the XY 2 -axis direction by electromagnetic interaction with stator 34D. In 
this case, stator 34D and stator 34A described earlier are inserted into each opening formed in the wafer stage main 
body in a state where stators 34D and 34A intersect perpendicularly with a predetermined space in the vertical direction 
(the Z-axis direction). 

[0144] The pair of XYraxis coarse movement linear motors 36 E and 36 F has movers 32 E and 32 F, and a pair of 
55 stators 34 E and 34 F. Movers 32 E and 32 F are arranged on both ends of stator 34D in the longitudinal direction, re- 
spectively, whereas stators 34E and 34F each extend in the XY r axis direction and integrally drive movers 32E and 
32F, XY 2 -axis fine movement linear motor 36D, and wafer stage main body (wafertable WTB) in the XY r axis direction 
by individually interacting electromagnetically with movers 32E and 32F. 
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[0145] In addition, on the lower surface (the surface that faces stage base 40) of stator 34D near both ends in the 
longitudinal direction, a pair of bearing mechanisms 39C and 39D are arranged facing guides 40c and 40d fixed to 
(protruded from) stage base 40, respectively. 

[0146] According to the wafer stage drive section that has the configuration described above, the wafer stage drive 
section drives wafer table WTB (wafer stage) in the XY r axis direction with long strokes via XY r axis coarse movement 
linear motors 36E and 36F, while also driving wafer table WTB in the XY 2 -axis direction with long strokes via XY 2 -axis 
coarse movement linear motors 36B and 36C. In addition, the wafer stage drive section finely drives wafer table WTB 
in the XY r axis direction via XY r axis fine movement linear motor 36A, while also finely driving wafer table WTB in the 
XY 2 -axis direction via XY 2 -axis fine movement linear motor 36D. That is, according to the stage unit in FIG. 9, wafer 
table WTB (wafer stage WST) can be driven both roughly and finely within a two-dimensional plane (the same plane 
as the two-dimensional plane set by the X, Y-axes) set by the XY r axis and the XY 2 -axis. 

[0147] Even when such a stage unit is employed, the same effect as in the second embodiment above can be ob- 
tained. 

[0148] Instead of using stage unit 50 (refer to FIG. 2) in the first embodiment described earlier, the stage unit in FIG. 
9 whose drive directions of each linear motor is changed to directions parallel to the X, Y-axes may be employed. 
[0149] In each of the embodiments above, the case has been described where the first drive unit and the second 
drive unit are composed of linear motors, and each linear motor has the shape of the letter H in a planar view (when 
viewed from above) . The present invention, however, is not limited to this, and various configurations can be employed 
for the linear motors. In addition, the first and second drive units are not limited to linear motors, and various configu- 
rations can be employed as long as the drive unit can drive the stage in an axial direction. 

[0150] In each of the embodiments above, the case has been described where the present invention is applied to 
an exposure apparatus equipped with a single wafer stage. The present invention, however, is not limited to this, and 
the present invention can also be applied to, for example, the exposure apparatus of the twin wafer stage type earlier 
described. As long as the national laws in designated states (or elected states), to which this international application 
is applied, permit, the disclosures of the above U.S. Patents are incorporated herein by reference. 
[0151] In each of the embodiments above, the case has been described where the present invention is applied to a 
wafer stage. The present invention, however, is not limited to this, and for example, in an exposure apparatus equipped 
with a measurement station that includes alignment detection system AS described earlier, and for example, a stage 
(measurement stage) different from the wafer stage that can be moved two-dimensionally on which the wafer subject 
to measurement by alignment detection system AS prior to the loading of the wafer onto the wafer stage, the present 
invention can be applied to the measurement stage. Furthermore, in each of the embodiments above, the case has 
been described where the present invention is applied to an exposure apparatus. The present invention, however, is 
not limited to this, and for example, the present invention can be applied to a measurement unit that connects inline 
with an exposure apparatus. In such configurations, the wafer whose mark positional information is measured with the 
measurement station or the measurement unit is moved to wafer stage WST by itself, or integrally with the wafer holder, 
and then the exposure processing described earlier is performed based on the measurement results. In this case, 
similar to each of the embodiments above, the wafer can be moved along the path with the shortest movement time, 
and also when the priority is set higher on accuracy rather than reducing the time required for movement, the number 
of mark positional information that can be measured within the same period of time can be increased. In addition, in 
each of the embodiments above, the mark detection by the alignment detection system is performed, moving the wafer 
along the movement path that has been decided. However, instead of or combined with the mark detection, other 
measurement may be performed at a position different from the exposure position, such as measuring height informa- 
tion (irregularity or step information) of the wafer (shot area) using the multiple focal point position detection system 
described earlier. 

[0152] In each of the embodiments above, an ultra violet light source such as the KrF excimer laser (output wave- 
length 248 nm), a pulse laser light source of the vacuum ultraviolet region such as the F 2 laser or the ArF excimer 
laser, a mercury lamp, or the like has been used as the light source. The present invention, however, is not limited to 
this, and other vacuum ultraviolet light sources such as the Ar 2 laser light source (output wavelength 126 nm) may 
also be used. In addition, for example, the light used is not limited to only the laser beams output as vacuum ultraviolet 
light from each of the light sources referred to above, and a harmonic may be used that is obtained by amplifying a 
single wavelength laser in the infrared or visible region oscillated from a DFB semiconductor or a fiber laser with, for 
example, a fiber amplifier doped by erbium (Er) (or both Erbium and Ytterbium (Yb), and performing wavelength con- 
version into ultraviolet light using a nonlinear optical crystal. Furthermore, not only can ultraviolet light be used as 
illumination light IL, but X-rays (including EUV light) or charged particle beams such as electron beams or ion beams 
may also be used as illumination light IL. The electron beam exposure apparatus that uses an electron beam as illu- 
mination light IL may employ any of the pencil beam method, variable beam shaping method, self projection method, 
blanking aperture array method, and mask projection method. 

[0153] In each of the embodiments above, the case has been described where the present invention is applied to a 
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scanning exposure apparatus by the step-and-scan method. However, it is a matter of course that the scope of the 
present invention is not limited to this. That is, the present invention can also be suitably applied to a reduction projection 
exposure apparatus by the step-and-repeat method or to an exposure apparatus by the step -and-st itch method. 
[0154] The exposure apparatus in each of the embodiments above can be made by incorporating the illumination 

s optical system made up of a plurality of lenses and the projection optical system into the main body of the exposure 
apparatus, performing optical adjustment, attaching parts such as the reticle stage and the wafer stage made up of 
multiple mechanical parts to the main body of the exposure apparatus, connecting the wiring and piping, and then, 
performing total adjustment (such as electrical adjustment and operation check). The exposure apparatus is preferably 
built in a clean room where conditions such as the temperature and the degree of cleanliness are controlled. 

w [0155] In addition, in each of the embodiments described above, the case has been described where the present 
invention is applied to exposure apparatus used for manufacturing semiconductor devices. The present invention, 
however, is not limited to this, and the present invention can be widely applied to an exposure apparatus for manufac- 
turing liquid crystal displays which transfers a liquid crystal display deice pattern onto a square shaped glass plate, 
and to an exposure apparatus for manufacturing thin-film magnetic heads, imaging devices (such as CCDs), organic 

15 EL, micromachines, DNA chips, and the like. 

[0156] In addition, the present invention can also be applied to an exposure apparatus that transfers a circuit pattern 
onto a glass substrate or a silicon wafer not only when producing microdevices such as semiconductors, but also when 
producing a reticle or a mask used in exposure apparatus such as an optical exposure apparatus, an EUV exposure 
apparatus, an X-ray exposure apparatus, or an electron beam exposure apparatus. Normally, in the exposure apparatus 
20 that uses DUV (deep (far) ultraviolet) light or VUV (vacuum ultraviolet) light, a transmittance type reticle is used, and 
as the reticle substrate, materials such as silica glass, fluorine-doped silica glass, fluorite, magnesium fluoride, or 
crystal are used. 

[0157] The present invention may also be applied to an immersion type exposure apparatus that has liquid (such as 
pure water) filled between projection optical system PL and the wafer. Details on such an exposure apparatus are 
25 disclosed in, for example, the pamphlet of International Publication Number WO99/49504 or the like. The immersion 
exposure apparatus may be a scanning exposure type using a catadioptric projection optical system, or the exposure 
apparatus may be a static exposure type using a projection optical system that has a magnification of 1/8. In the latter 
immersion exposure apparatus, it is preferable to employ the step-and-stitch referred to earlier in order to form a large 
pattern onto an object such as a wafer. 

30 

«Device Manufacturing Method» 

[0158] FIG. 10 shows a flow chart of an example when manufacturing a device (like an IC or an LSI as in a semi- 
conductor chip, a liquid crystal panel, a CCD, a thin magnetic head, a micromachine, or the like). As is shown in FIG. 
35 10, in step 201 (design step), the function/ performance design of a device (for example, designing a circuit for a 
semiconductor device) is performed, and pattern design to implement such function is performed. Then, in step 202 
(mask manufacturing step), a mask on which the designed circuit pattern is formed is manufactured, whereas, in step 
203 (wafer manufacturing step), a wafer is manufactured using materials such as silicon. 

[0159] Next, in step 204 (wafer processing step), the actual circuit or the like is formed on the wafer by lithography 
40 or the like in a manner which will be described later on, using the mask and wafer prepared in steps 201 to 203. Then, 
in step 205 (device assembly step), device assembly is performed using the wafer processed in step 204. Step 205 
includes processes such as the dicing process, the bonding process, and the packaging process (chip encapsulation) 
when necessary. 

[0160] Finally, in step 206 (inspection step), tests on operation, durability, and the like are performed on the devices 

^5 made in step 205. After these steps, the devices are completed and shipped out. 

[01 61 ] FIG. 1 1 is a flow chart showing a detailed example of step 204 described above when manufacturing a sem- 
iconductor device. Referring to FIG. 11, in step 211 (oxidation step), the surface of the wafer is oxidized. In step 212 
(CVD step), an insulating film is formed on the wafer surface. In step 213 (electrode formation step), an electrode is 
formed on the wafer by vapor deposition. In step 214 (ion implantation step), ions. are implanted into the wafer. Steps 

so 211 to 214 described above make up a pre-process in each stage of wafer processing, and the necessary processing 
is chosen and is executed at each stage. 

[0162] When the above pre-process is completed in each stage of wafer processing, a post-process is executed in 
the manner described below. In this post-process, first, in step 215 (resist formation step), the wafer is coated with a 
photosensitive agent. Next, in step 216 (exposure step), the circuit pattern on the mask is transferred onto the wafer 
55 by the exposure apparatus and the exposure method described above. And, in step 21 7 (development step), the wafer 
that has been exposed is developed. Then, in step 218 (etching step), an exposed member of an area other than the 
area where the resist remains is removed by etching. Finally in step 21 9 (resist removing step), when etching is com- 
pleted, the resist that is no longer necessary is removed. 
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[0163] By repeatedly performing such pre-process and post-process, multiple circuit patterns are formed on the 
wafer. 

[0164] When the device manufacturing method described in this embodiment is used, because the exposure appa- 
ratus and the exposure method described in each of the embodiments above are used in the exposure process (step 
216), the pattern of the reticle can be transferred on the wafer with high precision. As a consequence, the productivity 
(including the yield) of the highly integrated devices can be improved. 

INDUSTRIAL APPLICABILITY 

[0165] As is described above, the movement method of the present invention is suitable for moving a moving body, 
using the first drive unit and the second drive unit that generate a drive force in the first axis direction and the second 
axis direction perpendicular to the first axis direction. In addition, the exposure method and exposure apparatus of the 
present invention is suitable for transferring a predetermined pattern on an object in a lithography process where 
semiconductor devices or the like are manufactured. Furthermore, the device manufacturing method of the present 
invention is suitable for producing devices such as semiconductor devices. 



Claims 

20 1 . A movement method in which a moving body is moved using a first drive unit and a second drive unit that generate 
a drive force in a first axis direction and a second axis direction perpendicularto said first-axis direction, respectively, 
said movement method including a step of: 

moving said moving body along a specific path among a plurality of paths that start from a first position, pass 
25 through a plurality of points noncollinear with said first position, and reach a second position noncollinear with 

said plurality of points, said specific path having the minimum time required for movement when a component 
with a longer movement time of said first axis direction and said second axis direction for each path interval 
are added up. 

30 2. The movement method of Claim 1 , wherein 

said specific path is a path that has a minimum standstill time for said first and second drive units among 
said plurality of paths. 

3. The movement method of Claim 1 , wherein 

55 said moving body is moved from said first position to said second position, passing through a plurality of 

points that include at least three noncollinear points. 

4. The movement method of Claim 3. wherein 

at least some points including said at least three noncollinear points are set to a positional relation that 
40 correspond to a positional relation of a plurality of reference points arranged on said moving body among said 

plurality of paths, and 

said specific path is set so that each of said plurality of reference points pass through a predetermined point 
during said movement. 

45 5. The movement method of Claim 4. wherein 

said plurality of reference points are arranged on an object mounted on said moving body. 

6. The movement method of Claim 3. wherein 

said plurality of points are all set in a positional relation that correspond to a positional relation of a plurality 
so of reference points arranged on said moving body, and 

said specific path is set so that said plurality of reference points sequentially pass through a predetermined 
point during said movement. 

7. The movement method of Claim 6. wherein 

55 said plurality of reference points are arranged on an object mounted on said moving body. 

8. The movement method of Claim 4 : wherein 

said specific path is decided based on a positional relation between said first position and said predetermined 
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10 



point, a positional relation in said plurality of reference points, a positional relation between said predetermined 
point and said second position, and at least one of maximum speed and maximum acceleration of said moving 
body by said first and second drive units. 

9. The movement method of Claim 4 : wherein 
said predetermined point is a position of a mark detection system used to detect marks formed on said moving 

body, and 

said plurality of reference points include a reference point of at least three specific marks formed on an object 
mounted on said moving body. 

10. The movement method of Claim 9 : wherein 

said at least three specific marks are alignment marks used to adjust a positional relation of said object and 
said second position . 

15 11. The movement method of Claim 9, wherein 

after said plurality of reference points each pass through said predetermined point, a plurality of areas on 
said object are each set as said second position according to detection results of said specific marks by said mark 
detection system. 

20 12. An exposure method in which a predetermined pattern is transferred onto each of a plurality of divided areas on 
an object, said exposure method including: 

a detection step in which a moving body mounted on said object is moved by a movement method according 
to Claim 9, and at least three specific marks on said object are sequentially detected using said mark detection 
25 system; and 

a movement step in which said moving body is moved based on detection results of said mark detection system 
so as to set said plurality of divided areas to said second position where said pattern is transferred. 

13. The exposure method of Claim 12 : wherein 
30 jn said detection step, said specific mark is selected from a plurality of alignment marks arranged correspond- 

ing to said plurality of divided areas on said object, and 

in said movement step, information for setting said plurality of divided areas on said object to said second 
position is calculated, based on detection results of said specific marks detected by said mark detection system 
and positional information of said moving body obtained on detection of each specific mark, said exposure method 
35 further including: 

a step in which said object is moved via said moving body based on said calculated information so as to 
transfer said pattern onto each of said plurality of divided areas. 

40 14. The exposure method of Claim 13. wherein 

said information is array coordinates of a plurality of divided areas on said object in a reference coordinate 
system that sets the movement of said moving body. 

15. An exposure method in which a mask and an object are synchronously moved along a predetermined scanning 
45 direction to transfer a pattern formed on said mask onto said object, said exposure method including a step of: 

measuring positional information of a moving body where said object is mounted relative to said scanning 
direction with said scanning direction serving as a measurement axis direction, and driving said moving body 
synchronously with said mask in said scanning direction via the first and second drive units that respectively 
so generate a drive force in a first axis direction and a second axis direction each intersecting said scanning 

direction. 

16. A device manufacturing method including a lithography process, wherein 

in said lithography process, a pattern is transferred onto an object using the exposure method in any one of 
55 Claims 12 to 15. 

1 7. An exposure apparatus that transfers a predetermined pattern onto each of a plurality of divided areas on an object, 
said exposure apparatus comprising: 
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a moving body on which said object is mounted; 

a first drive unit that drives said moving body in a first axis direction; 

a second drive unit that drives said moving body in a second axis direction orthogonal to said first axis direction; 
a mark detection system that detects marks formed on said moving body; 

5 a processing unit that sequentially detects each of a specific mark using said detection system while controlling 

said first and second drive units, so that said moving body is moved along a specific path that has the minimum 
time required for movement when a component with a longer movement time of said first axis direction and 
said second axis direction for each path interval are added up, out of a plurality of paths where at least three 
specific marks that are noncollinear with said object are sequentially moved to a detection position of said 

10 detection system while moving from a first position to a second position where said pattern is transferred; and 

a control unit that controls said first and second drive units based on detection results of said mark detection 
system so as to set each of said plurality of divided areas on said object at said second position. 

18. An exposure apparatus that moves a mask and an object synchronously in a predetermined scanning direction, 
*s and transfers a pattern formed on said mask onto said object, said exposure apparatus comprising: 

a moving body on which said object is mounted; 

a first drive unit and a second drive unit that drive said moving body in a first axis direction and a second axis 
direction, respectively, said first axis direction and said second axis direction each intersecting said scanning 
20 direction; and 

a position measurement unit that measures positional information of said moving body relative to said scanning 
direction, with said scanning direction serving as a measurement axis direction. 

19. The exposure apparatus of Claim 18, wherein 
said first axis direction and said second axis direction are set at an angle of 45° with respect to said scanning 

direction. 

The exposure apparatus of Claim 18, wherein 

said position measurement unit is a light wave interference type length measuring instrument that irradiates 
a length measurement beam on a reflection surface arranged on said moving body and measures positional in- 
formation relative to the scanning direction of said moving body by receiving reflected light from said reflection 
surface. 

21. A device manufacturing method including a lithography process, wherein 

in said lithography process, a pattern is transferred onto an object using the exposure apparatus in any one 
of Claims 1 7 to 20. 
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